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CROSS REFERENCE TO RELATED APPLICATION 
5 This application claims priority to United States Provisional Application Serial 

Number 60/255,879, filed December 18, 2000, and having the title "Arecelin 5 Promoter 
and Uses Thereof, which is herein incorporated by reference in its entirety. 

FIELD OF THE INVENTION 
10 The present invention generally relates to the field of plant genetics. More 

specifically, the present invention relates to gene expression in plants. The invention 
provides promoters capable of transcribing a heterologous nucleic acid sequence at a high 
£ level in plants, and methods of modifying, producing, and using the same. The invention 

S also provides transformed host cells, transgenic plants, and seeds containing the high- 

m 15 expression promoters, and methods for preparing and using the same. 

gi 

Oi 

Si BACKGROUND OF THE INVENTION 

L Plants and seeds provide an important source of dietary protein for humans and 

2 livestock. However, the protein content of plants and seeds is often incomplete. For 

£j 20 example, many plant and seed proteins are deficient in one or more essential amino acids. 

S This deficiency may be overcome by genetically enhancing the native proteins to have a 

more nutritionally complete composition of amino acids (or some other desirable feature). 
Alternatively, a non-native (or heterologous) protein exhibiting a desirable characteristic 
may be introduced into the plant or seed. These approaches are useful in producing 
25 proteins exhibiting important agricultural (e.g., insecticidal), nutritional, and 
pharmaceutical properties. 

Despite the availability of many molecular tools, the genetic modification of 
plants and seeds is often constrained by an insufficient accumulation of the engineered 
protein. Many intracellular processes may impact the overall protein accumulation, 
30 including transcription, translation, protein assembly and folding, methylation, 



phosphorylation, transport, and proteolysis. Intervention in one or more of these 
processes can increase the amount of protein produced in genetically engineered plants 
and seeds. 

For example, raising the steady-state level of mRNA in the cytosol often yields an 
increased accumulation of translated protein. Many factors may contribute to increasing 
the steady-state level of an mRNA in the cytosol, including the rate of transcription 
controlled by promoter strength and other regulatory features, efficiency of mRNA 
processing, and the overall stability of the mRNA. 

Among these factors, the promoter portion of a gene plays a central role. Along 
the promoter region, the transcription machinery is assembled and transcription is 
initiated. This early step is often rate-limiting relative to subsequent stages of protein 
production. Transcription initiation at the promoter may be regulated in several ways. 
For example, a promoter may be induced by the presence of a particular compound, 
express a gene only in a specific tissue, or constitutively express a coding sequence. 
Thus, transcription of a coding sequence may be modified by operably linking the coding 
sequence to promoters with different regulatory characteristics. 

The promoters derived from the genes of seed storage proteins often exhibit high 
levels of expression. For example, seeds of Phaseolus vulgaris typically contain large 
amounts of phaseolin (36-46%, w/w), globulin-2 (5-12%), albumin (12-16%), and 
prolamine (2-4%). Thus, the promoters derived from such genes may be useful in 
expressing high levels of heterologous structural nucleic acid sequences. 

However, the transcriptional activity of even these strong promoters may vary 
from one plant context to the next. For example, a number of promoters have exhibited 
strong activity in tobacco, petunia, and Arabidopsis, relative to the expression levels 
generated in these plants by the 7Sa' promoter. However, none of these promoters have 
been reported to demonstrate comparable activity in transgenic soybean plants. Thus, a 
promoter which functions in one plant species or cultivar may not function at a similar 
level or manner in a different plant species or cultivar. 

Romero et al. reported a new seed protein in P. vulgaris collected at Arcelia, 
Mexico (from accession PI 325690; CIAT No. 12882B). Accordingly, the protein was 



named Arcelin (Andreas et al, 1986; Osborn et al, 1986). Several Arcelin variants have 
been subsequently reported (e.g., Arcelin-3 from accession PI 417683 (CIAT No. 
G12922); Arcelin-4 from accession PI 417775 (CIAT No. G12949)). One such variant, 
designated Arcelin-5, was reported by Lioi, et al (Lioi and Bollini, 1989). The cDNA of 
Arcelin-5 was described by Goossens, et al. (Goossens et al, 1994). 

A genomic clone of Arcelin-5, including an undefined 5' and 3' region was 
reportedly expressed in transgenic plants. This undefined region included about 1 .8 kb 
base pairs 5' to the Arcelin-5 coding region. Expression was reported in Arabidopsis and 
Phaseolus acutifolius (Goossens et al, 1999). However, the expression was lower than 
that found in the wild-type P. vulgaris from which Arcelin-5 was originally identified. 
Therefore, the genetic background is important in modulating Arcelin-5 expression. 
Also, since the whole genomic clone of Arcelin-5 was used by Goosens, the relative 
strength of the Arcelin-5 promoter was not clear. Thus although expression of an Arcelin 
species was reported, the effectiveness of such Arcelin promoters in crops such as maize 
and soybean remain totally unknown. Consequently, there is a need in the art for 
promoters capable of generating relatively high levels of transcription in important crop 
species, such as maize and soybean. 

SUMMARY OF THE INVENTION 

The present invention provides promoters capable of transcribing a heterologous 
structural nucleic acid sequence at a high level in plants, and methods of modifying, 
producing, and using the same. The invention also provides compositions, transformed 
host cells, transgenic plants, and seeds containing the high-expression promoters, and 
methods for preparing and using the same. 

The present invention includes and provides a transformed soybean plant cell 
containing a nucleic acid molecule that comprises in the 5' to 3' direction: a promoter 
having a nucleic acid sequence that is at least 94% identical to SEQ ID NO: 1; operably 
linked to a structural nucleic acid sequence; wherein the promoter is heterologous with 
respect to the structural nucleic acid sequence. 



The present invention includes and provides a transgenic soybean plant containing 
a nucleic acid molecule that comprises in the 5' to 3' direction: a promoter having a 
nucleic acid sequence that: is at least 94% identical to SEQ ID NO: 1; operably linked to 
a structural nucleic acid sequence; wherein the promoter is heterologous with respect to 
the structural nucleic acid sequence. 

The present invention includes and provides a transformed soybean plant cell 
containing a nucleic acid molecule that comprises, in the 5' to 3' direction, a promoter 
operably linked to a heterologous structural nucleic acid sequence. The promoter 
preferably hybridizes under stringent conditions with SEQ ID NO: 1, or the complement 
thereof; or is at least 94% identical to SEQ ID NO: 1. 

The present invention includes and provides a transgenic soybean plant containing 
a nucleic acid molecule that comprises, in the 5' to 3' direction, a promoter operably 
linked to a heterologous structural nucleic acid sequence. The promoter preferably 
hybridizes under stringent conditions with SEQ ID NO: 1, or the complement thereof; or 
is at least 94% identical to SEQ ID NO: 1. 

The present invention includes and provides a transformed plant cell containing a 
nucleic acid molecule that comprises, in the 5' to 3' direction, a promoter operably linked 
to a heterologous structural nucleic acid sequence. The promoter preferably hybridizes 
under stringent conditions with SEQ ID NO: 1, or the complement thereof; or is at least 
94% identical to SEQ ID NO: 1. 

The present invention includes and provides a transgenic plant containing a 
nucleic acid molecule that comprises, in the 5' to 3' direction, a promoter operably linked 
to a heterologous structural nucleic acid sequence. The promoter preferably hybridizes 
under stringent conditions with SEQ ID NO: 1, or the complement thereof; or is at least 
94% identical to SEQ ID NO: 1. 

The present invention includes and provides a method of transforming a plant cell. 
The method generally comprises providing a nucleic acid molecule that comprises, in the 
5' to 3' direction, a promoter operably linked to a heterologous structural nucleic acid 
sequence; and transforming a plant cell with the nucleic acid molecule. The promoter 



preferably hybridizes under stringent conditions with SEQ ID NO: 1 , or the complement 
thereof; or is at least 94% identical to SEQ ID NO: 1. 

The present invention includes and provides a method of producing a transgenic 
plant. The method generally comprises providing a nucleic acid molecule that comprises, 
in the 5' to 3' direction, a promoter operably linked to a heterologous structural nucleic 
acid sequence; transforming a plant cell with the nucleic acid molecule; and culturing the 
transformed plant cell under conditions effective to produce a plant. The promoter 
preferably hybridizes under stringent conditions with SEQ ID NO: 1, or the complement 
thereof; or is at least 94% identical to SEQ ID NO: 1. 

BRIEF DESCRIPTION OF THE SEQUENCES 
SEQ ID NO: 1 is a truncated P. vulgaris exotic genotype G02771 Arcelin-5 promoter 
sequence. 

SEQ ID NO: 2 is a truncated P. vulgaris exotic genotype G02771 Arcelin-5 promoter 
sequence. 

SEQ ID NO: 3 is a GmHSP17.9 5' UTR sequence. 

SEQ ID NO: 4 is a PetHSP70 5' UTR sequence. 

SEQ ID NO: 5 is a GmdSSU 5' UTR sequence. 

SEQ ID NO: 6 is an ADR12 3' terminator sequence. 

SEQ ID NO: 7 is an E9 3* terminator sequence. 

SEQ ID NO: 8 is an Arc5 3' terminator sequence. 

SEQ ID NO: 9 is an Arcelin-3 promoter sequence as shown in Figure 1 . 

SEQ ID NO: 10 is an Arcelin-4 promoter sequence as shown in Figure 1. 

SEQ ID NO: 1 1 is an Arcelin-5 promoter sequence as shown in Figure 1 . 

SEQ ID NO: 12 is an Arcelin-3 promoter sequence as shown in Figures 4a-e. 

SEQ ID NO: 13 is an Arcelin-4 promoter sequence as shown in Figure 4a-e. 

SEQ ID NO: 14 is an Arcelin-5 promoter sequence as shown in Figure 4a-e. 



BRIEF DESCRIPTION OF THE FIGURES 
Figure 1 is a sequence alignment of partial Arcelin-3, Arcelin-4, and Arcelin-5 promoter 



nucleic acid sequences. Differences between the sequences are noted. 
Figure 2 compares the promoter activities of various Arcelin-3, Arcelin-4, and Arcelin-5 

promoters in transiently transformed soybean tissue. 
Figure 3 compares the promoter activities of Arcelin promoters and 7Sa' promoters in 

transgenic soybean seeds. 
Figures 4a, 4b, 4c, 4d, and 4e represent a sequence alignment of full length Arcelin-3, 

Arcelin-4, and Arcelin-5 promoter nucleic acid sequences. 
Figure 5 is a table showing various constructs having an Arcelin-5 promoter sequence. 
Figure 6 is a plasmid map showing pMON55540. 

Figure 7 is a bar graph showing the activity of various constructs having an Arcelin-5 
promoter sequence. 

DEFINITIONS 

The following definitions are provided as an aid to understanding the detailed 
description of the present invention. 

The term "Arcelin-5 promoter" refers to a promoter region derived from or 
constructed based upon a region 5 'to the transcription start site of the Arcelin-5 coding 
sequence. The Arcelin-5 promoter is further defined as not being an Arcelin- 1 , (Osborn, 
et al. Science, 240:207-210, 1988), -2 (John, et al., Gene 86:171-176, 1990), -3, or -4 
(Mirkov, et al., Plant Mol. Biol., 26: 1 103-1 113, 1994) promoter. 

The phrases "coding sequence," "structural sequence," and "structural nucleic 
acid sequence" refer to a physical structure comprising an orderly arrangement of nucleic 
acids. The nucleic acids are arranged in a series of nucleic acid triplets that each form a 
codon. Each codon encodes for a specific amino acid. Thus the coding sequence, 
structural sequence, and structural nucleic acid sequence encode a series of amino acids 
forming a protein, polypeptide, or peptide sequence. The coding sequence, structural 
sequence, and structural nucleic acid sequence may be contained within a larger nucleic 
acid molecule, vector, or the like. In addition, the orderly arrangement of nucleic acids in 
these sequences may be depicted in the form of a sequence listing, figure, table, electronic 
medium, or the like. 



The phrases "DNA sequence" and "nucleic acid sequence" refer to a physical 
structure comprising an orderly arrangement of nucleic acids. The DNA sequence or 
nucleic acid sequence may be contained within a larger nucleic acid molecule, vector, or 
the like. In addition, the orderly arrangement of nucleic acids in these sequences may be 
5 depicted in the form of a sequence listing, figure, table, electronic medium, or the like. 
The term "expression" refers to the transcription of a gene to produce the 
corresponding mRNA and translation of this mRNA to produce the corresponding gene 
product (i.e., a peptide, polypeptide, or protein). 

The term "expression of antisense RNA" refers to the transcription of a DNA to 
1 0 produce a first RNA molecule capable of hybridizing to a second RNA molecule. 

Formation of the RNA-RNA hybrid inhibits translation of the second RNA molecule to 
produce a gene product. 

The term "gene" refers to chromosomal DNA, plasmid DNA, cDNA, synthetic 
DNA, or other DNA that encodes a peptide, polypeptide, protein, or RNA molecule. 
1 5 "Homology" refers to the level of similarity between two or more nucleic acid or 

amino acid sequences in terms of percent of positional identity (i.e., sequence similarity 
or identity). Homology also refers to the concept of similar functional properties among 
different nucleic acids or proteins. 

The phrase "heterologous" refers to the relationship between two or more nucleic 
20 acid or protein sequences that are derived from different sources. For example, a 

promoter is heterologous with respect to a coding sequence if such a combination is not 
normally found in Nature. In addition, a particular sequence may be "heterologous" with 
respect to a cell or organism into which it is inserted (i.e. does not naturally occur in that 
particular cell or organism). 
25 "Hybridization" refers to the ability of a strand of nucleic acid to join with a 

complementary strand via base pairing. Hybridization occurs when complementary 
nucleic acid sequences in the two nucleic acid strands contact one another under 
appropriate conditions. 

The phrase "operably linked" refers to the functional spatial arrangement of two 
30 or more nucleic acid regions or nucleic acid sequences. For example, a promoter region 



may be positioned relative to a nucleic acid sequence such that transcription of the 
nucleic acid sequence is directed by the promoter region. Thus, the promoter region is 
"operably linked" to the nucleic acid sequence. 

The term "promoter" or "promoter region" refers to a nucleic acid sequence, 
usually found upstream (5') to a coding sequence, that directs transcription of the nucleic 
acid sequence into mRNA. The promoter or promoter region typically provide a 
recognition site for RNA polymerase and the other factors necessary for proper initiation 
of transcription. As contemplated herein, a promoter or promoter region includes 
variations of promoters derived by inserting or deleting regulatory regions, subjecting the 
promoter to random or site-directed mutagenesis, etc. The activity or strength of a 
promoter may be measured in terms of the amounts of RNA it produces, or the amount of 
protein accumulation in a cell or tissue, relative to a promoter whose transcriptional 
activity has been previously assessed. 

The term "recombinant vector" refers to any agent such as a plasmid, cosmid, 
virus, autonomously replicating sequence, phage, or linear or circular single-stranded or 
double-stranded DNA or RNA nucleotide sequence. The recombinant vector may be 
derived from any source; is capable of genomic integration or autonomous replication; 
and comprises a promoter nucleic acid sequence operably linked to one or more nucleic 
acid sequences. A recombinant vector is typically used to introduce such operably linked 
sequences into a suitable host. 

"Regulatory sequence" refers to a nucleotide sequence located upstream (5'), 
within, or downstream (3') to a coding sequence. Transcription and expression of the 
coding sequence is typically impacted by the presence or absence of the regulatory 
sequence. 

The term "substantially homologous" refers to two sequences which are at least 
90% identical in sequence, as measured by the BestFit program described herein (Version 
10; Genetics Computer Group, Inc., University of Wisconsin Biotechnology Center, 
Madison, WI), using default parameters. 

The term "transformation" refers to the introduction of nucleic acid into a 
recipient host. The term "host" refers to bacteria cells, fungi, animals and animal cells, 
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plants and plant cells, or any plant parts or tissues including protoplasts, calli, roots, 
tubers, seeds, stems, leaves, seedlings, embryos, and pollen. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The present invention provides promoters capable of transcribing a heterologous 
structural nucleic acid sequence at a high level in plants, and methods of modifying, 
producing, and using the same. The invention also provides compositions, transformed 
host cells, transgenic plants, and seeds containing the high-expression promoters, and 
methods for preparing and using the same. 
Promoters 

The present invention provides a promoter having a nucleic acid sequence that 
hybridizes to SEQ ID NO: 1, the complement thereof, or any fragments thereof. The 
present invention also provides a promoter having a nucleic acid sequence of SEQ ID 
NO: 1, the complement thereof, or any fragments thereof. 

The present invention provides a promoter having a nucleic acid sequence that 
hybridizes to SEQ ID NO: 2, the complement thereof, or any fragments thereof. The 
present invention also provides a promoter having a nucleic acid sequence of SEQ ID 
NO: 2, the complement thereof, or any fragments thereof. 

The present invention provides a promoter having a nucleic acid sequence that 
hybridizes to SEQ ID NO: 14, the complement thereof, or any fragments thereof. The 
present invention also provides a promoter having a nucleic acid sequence of SEQ ID 
NO: 14, the complement thereof, or any fragments thereof. 

Nucleic acid hybridization is a technique well known to those of skill in the art of 
DNA manipulation. The hybridization properties of a given pair of nucleic acids is an 
indication of their similarity or identity. 

Low stringency conditions may be used to select nucleic acid sequences with 
lower sequence identities to a target nucleic acid sequence. One may wish to employ 
conditions such as about 0.15 M to about 0.9 M sodium chloride, at temperatures ranging 
from about 20°C to about 55°C. 



High stringency conditions may be used to select for nucleic acid sequences with 
higher degrees of identity to the disclosed nucleic acid sequences (Sambrook et al, 
1989). 

The high stringency conditions typically involve nucleic acid hybridization in 
about 2X to about 10X SSC (diluted from a 20X SSC stock solution containing 3 M 
sodium chloride and 0.3 M sodium citrate, pH 7.0 in distilled water), about 2.5X to about 
5X Denhardt's solution (diluted from a 50X stock solution containing 1% (w/v) bovine 
serum albumin, 1% (w/v) ficoll, and 1% (w/v) polyvinylpyrrolidone in distilled water), 
about 10 mg/mL to about 100 mg/mL fish sperm DNA, and about 0.02% (w/v) to about 
0.1% (w/v) SDS, with an incubation at about 50°C to about 70°C for several hours to 
overnight. The high stringency conditions are preferably provided by 6X SSC, 5X 
Denhardt's solution, 100 mg/mL fish sperm DNA, and 0.1% (w/v) SDS, with an 
incubation at 55°C for several hours. 

The hybridization is generally followed by several wash steps. The wash 
compositions generally comprise 0.5X to about 10X SSC, and 0.01% (w/v) to about 0.5% 
(w/v) SDS with a 15 minute incubation at about 20°C to about 70°C. Preferably, the 
nucleic acid segments remain hybridized after washing at least one time in 0.1 X SSC at 
65°C. 

The nucleic acid sequence of the promoter preferably hybridizes, under low or 
high stringency conditions, with SEQ ID NO: 1, the complement thereof, or any 
fragments thereof. The promoter most preferably hybridizes under high stringency 
conditions with SEQ ID NO: 1, the complement thereof, or any fragments thereof. 

In an alternative embodiment, the promoter comprises a nucleic acid sequence 
that is at least 85% identical, and more preferably at least 86, 87, 88, 89, 90, 91, 92, 93, 
94, 95, 96, 97, 98, or 99% identical to SEQ ID NO: 1. The promoter most preferably 
comprises or is SEQ ID NO: 1. 

The nucleic acid sequence of the promoter preferably hybridizes, under low or 
high stringency conditions, with SEQ ID NO: 2, the complement thereof, or any 
fragments thereof. The promoter most preferably hybridizes under high stringency 
conditions with SEQ ID NO: 2, the complement thereof, or any fragments thereof. 
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In an alternative embodiment, the promoter comprises a nucleic acid sequence 
that is at least 85% identical, and more preferably at least 86, 87, 88, 89, 90, 91, 92, 93, 
94, 95, 96, 97, 98, or 99% identical to SEQ ID NO: 2. The promoter most preferably 
comprises or is SEQ ID NO: 2. 

The nucleic acid sequence of the promoter preferably hybridizes, under low or 
high stringency conditions, with SEQ ID NO: 14, the complement thereof, or any 
fragments thereof. The promoter most preferably hybridizes under high stringency 
conditions with SEQ ED NO: 14, the complement thereof, or any fragments thereof. 

In an alternative embodiment, the promoter comprises a nucleic acid sequence 
that is at least 85% identical, and more preferably at least 86, 87, 88, 89, 90, 91, 92, 93, 
94, 95, 96, 97, 98, or 99% identical to SEQ ID NO: 14. The promoter most preferably 
comprises or is SEQ ID NO: 14. 

The percent of sequence identity is preferably determined using the "Best Fit" or 
"Gap" program of the Sequence Analysis Software Package™ (Version 10; Genetics 
Computer Group, Inc., University of Wisconsin Biotechnology Center, Madison, WI). 
"Gap" utilizes the algorithm of Needleman and Wunsch (Needleman and Wunsch, 1970) 
to find the alignment of two sequences that maximizes the number of matches and 
minimizes the number of gaps. "BestFit" performs an optimal alignment of the best 
segment of similarity between two sequences and inserts gaps to maximize the number of 
matches using the local homology algorithm of Smith and Waterman (Smith and 
Waterman, 1981; Smith, et al, 1983). The percent identity is most preferably determined 
using the "Best Fit" program. 

The present invention also provides nucleic acid molecule fragments of SEQ ID 
NO: 1, fragments of nucleic acid molecules that hybridize it nucleic acid molecules 
having SEQ ID NO: 1, fragments of nucleic acid molecules that exhibit sequence identity 
with SEQ ID NO: 1, and complements of any of these molecules. 

The present invention also provides nucleic acid molecule fragments of SEQ ID 
NO: 2, fragments of nucleic acid molecules that hybridize it nucleic acid molecules 
having SEQ ID NO: 2, fragments of nucleic acid molecules that exhibit sequence identity 
with SEQ ID NO: 2, and complements of any of these molecules. 
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The present invention also provides nucleic acid molecule fragments of SEQ ID 
NO: 14, fragments of nucleic acid molecules that hybridize it nucleic acid molecules 
having SEQ ID NO: 14, fragments of nucleic acid molecules that exhibit sequence 
identity with SEQ ID NO: 14, and complements of any of these molecules. 

In an alternative embodiment, the fragments are between 250 and 15 nucleotides, 
more preferably between 150 and 15 nucleotides, even more preferably between 100 and 
15 nucleotides, 50 and 15 nucleotides or 25 and 15 nucleotides long. In another 
preferred embodiment, the fragments are between 250 and 50 nucleotides, more 
preferably between 150 and 15 nucleotides, even more preferably between 100 and 50 
nucleotides, 50 and 25 nucleotides or 25 and 20 nucleotides long. In another alternative 
embodiment, the fragments are between 250 and 100 nucleotides, more preferably 
between 150 and 100 nucleotides, even more preferably between 100 and 75 nucleotides 
long. 

Promoter Activity 

The activity or strength of a promoter may be measured in terms of the amount of 
RNA or protein accumulation it specifically produces, relative to the total amount of 
cellular RNA or protein. The promoter preferably expresses an operably linked nucleic 
acid sequence at a level greater than 2.5%; more preferably greater than 5, 6, 7, 8, or 9%; 
even more preferably greater than 10, 1 1, 12, 13, 14, 15, 16, 17, 18, or 19%; and most 
preferably greater than 20% of the total cellular RNA or protein. 

Alternatively, the activity or strength of a promoter may be expressed relative to a 
well-characterized promoter (for which transcriptional activity was previously assessed). 
For example, a less-characterized promoter may be operably linked to a reporter sequence 
(e.g., GUS) and introduced into a specific cell type. A well-characterized promoter (e.g. 
the 7Sot' promoter) is similarly prepared and introduced into the same cellular context. 
Transcriptional activity of the unknown promoter is determined by comparing the amount 
of reporter expression, relative to the well characterized promoter. The activity of the 
presently disclosed promoter is preferably as strong as the 7Scc' promoter when compared 
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in the same cellular context. The cellular context is preferably canola, soybean, or maize; 
and most preferably is soybean. 
Structural Nu cleic Acid Sequences 

The promoter of the present invention may be operably linked to a structural 
nucleic acid sequence that is heterologous with respect to the promoter. The structural 
nucleic acid sequence may generally be any nucleic acid sequence for which an increased 
level of transcription is desired. The structural nucleic acid sequence preferably encodes a 
polypeptide that is suitable for incorporation into the diet of a human or an animal. Suitable 
structural nucleic acid sequences include those encoding seed storage proteins, herbicide 
resistance proteins, disease resistance proteins, fatty acid biosynthetic enzymes, 
tocopherol biosynthetic enzymes, amino acid biosynthetic enzymes, or insecticidal 
proteins. Preferred structural nucleic acid sequences include, but are not limited to, gamma 
methyltransferase, phytyl prenyltransferase, beta-ketoacyl-CoA synthase, fatty acyl-CoA 
reductase, fatty acyl CoA:fatty alcohol transacylase, anthranilate synthase, threonine 
deaminase, acetohydroxy acid synthase, aspartate kinase, dihydroxy acid synthase, aspartate 
kinase, dihydropicolinate synthase, thioesterase, 7Sa' seed storage protein, 1 IS seed 
storage protein, glycinin, beta-conglycinin, phaseolin, maize globulin- 1, maize zeins, 
seed albumin, and seed lectin. 

Alternatively, the promoter and structural nucleic acid sequence may be designed to 
down-regulate a specific nucleic acid sequence. This is typically accomplished by linking 
the promoter to a structural nucleic acid sequence that is oriented in the antisense direction. 
One of ordinary skill in the art is familiar with such antisense technology. Briefly, as the 
antisense nucleic acid sequence is transcribed, it hybridizes to and sequesters a 
complimentary nucleic acid sequence inside the cell. This duplex RNA molecule cannot be 
translated into a protein by the cell's translational machinery. Thus, the cellular 
complimentary sequence is effectively down regulated as the subsequent steps of translation 
are disrupted. 

Any nucleic acid sequence may be negatively regulated in this manner. Targets of 
such regulation may include polypeptides that have a low content of essential amino acids, 
yet are expressed at a relatively high level in a particular tissue. For example, p- 
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conglycinin and glycinin are expressed abundantly in seeds, but are nutritionally deficient 
with respect to essential amino acids. This antisense approach may also be used to 
effectively remove other undesirable proteins, such as antifeedants (e.g., lectins), albumin, 
and allergens, from plant-derived feed. 
Modified Stru ctural Nucleic Acid Sequences 

The promoter of the present invention may also be operably linked to a modified 
structural nucleic acid sequence that is heterologous with respect to the promoter. The 
structural nucleic acid sequence may be modified to provide various desirable features. 
For example, a structural nucleic acid sequence may be modified to increase the content 
of essential amino acids, enhance translation of the amino acid sequence, alter post- 
translational modifications (e.g., phosphorylation sites), transport a translated product to a 
compartment inside or outside of the cell, improve protein stability, insert or delete cell 
signaling motifs, etc. 

In a preferred embodiment, the structural nucleic acid sequence is enhanced to 
encode a polypeptide having an increased content of at least one, and more preferably 2, 
3, or 4 of the essential amino acids selected from the group consisting of histidine, lysine, 
methionine, and phenylalanine. Non-essential amino acids may also be added, as needed, 
for structural and nutritive enhancement of the polypeptide. Structural nucleic acid 
sequences particularly suited to such enhancements include those encoding native 
polypeptides that are expressed at relatively high levels, have a particularly low content of 
essential amino acids, or both. An example of such are the seed storage proteins, such as 
glycinin and P-conglycinin. Other suitable targets include phaseolin, lectin, zeins, and 
albumin. 

In an alternative embodiment, the structural nucleic acid sequence is modified to 
encode a polypeptide having improved rumen resistance, increased resistance to 
proteolytic degradation, or both improved rumen resistance and increased resistance to 
proteolytic degradation, relative to the unmodified structural nucleic acid sequence from 
which it is engineered. The modified structural nucleic acid sequence may generally 
encode any polypeptide that is suitable for incorporation into the diet of an animal. The 
modified structural nucleic acid sequence preferably encodes a polypeptide that is 
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expressed at relatively high concentrations in a given plant tissue, such as a seed storage 
protein. 

Codon Usage in Structura l Nucleic Acid Sequences 

Due to the degeneracy of the genetic code, different nucleotide codons may be 
used to code for a particular amino acid. A host cell often displays a preferred pattern of 
codon usage. Structural nucleic acid sequences are preferably constructed to utilize the 
codon usage pattern of the particular host cell. This generally enhances the expression of 
the structural nucleic acid sequence in a transformed host cell. Any of the above 
described nucleic acid and amino acid sequences may be modified to reflect the preferred 
codon usage of a host cell or organism in which they are contained. Modification of a 
structural nucleic acid sequence for optimal codon usage in plants is described in U.S. 
Patent No. 5,689,052. 

Otber Modifications of Structural Nuc leic Acid Sequences 

Additional variations in the structural nucleic acid sequences described above may 
encode proteins having equivalent or superior characteristics when compared to the 
proteins from which they are engineered. Mutations may include deletions, insertions, 
truncations, substitutions, fusions, shuffling of motif sequences, and the like. 

Mutations to a structural nucleic acid sequence may be introduced in either a 
specific or random manner, both of which are well known to those of skill in the art of 
molecular biology. A myriad of site-directed mutagenesis techniques exist, typically 
using oligonucleotides to introduce mutations at specific locations in a structural nucleic 
acid sequence. Examples include single strand rescue (Kunkel, et al, 1985), unique site 
elimination (Deng and Nickloff, 1992), nick protection (Vandeyar, et al., 1988), and PCR 
(Costa, et al, 1996). Random or non-specific mutations may be generated by chemical 
agents (for a general review, see Singer and Kusmierek, 1982) such as nitrosoguanidine 
(Cerda-Olmedo et al, 1968; Guerola, et al, 1971) and 2-aminopurine (Rogan and 
Bessman, 1970); or by biological methods such as passage through mutator strains 
(Greener, et al, 1997). 

The modifications may result in either conservative or non-conservative changes 
in the amino acid sequence. Conservative changes result from additions, deletions, 
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substitutions, etc. in the structural nucleic acid sequence which do not alter the final 
amino acid sequence of the protein. In a preferred embodiment, the protein has between 
0 and 500 conservative changes, more preferably between 0 and 300 conservative 
changes, even more preferably between 0 and 150 conservative changes, and most 
preferably between 0 and 75 conservative changes. 

Non-conservative changes include additions, deletions, and substitutions which 
result in an altered amino acid sequence. In a preferred embodiment, the protein has 
between 0 and 250 non-conservative amino acid changes, more preferably between 0 and 
100 non-conservative amino acid changes, even more preferably between 0 and 50 non- 
conservative amino acid changes, and most preferably between 0 and 30 non- 
conservative amino acid changes. 

Additional methods of making the alterations described above are described by 
Ausubel et al. (1995); Bauer et al. (1985); Craik (1985); Frits Eckstein et al. (1982); 
Sambrook et al. (1989); Smith et al. (1981); and Osuna et al. (1994). 

Modifications may be made to the protein sequences of the present invention and 
the nucleic acid segments which encode them that maintain the desired properties of the 
molecule. The following is a discussion based upon changing the amino acid sequence of 
a protein to create an equivalent, or possibly an improved, second-generation molecule. 
The amino acid changes may be achieved by changing the codons of the structural 
nucleic acid sequence, according to the codons given in Table 1. 
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Table 1 : Codon degeneracy of amino acids 
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Methionine 
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Arginine 


R 


Arg 
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Serine 
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Threonine 


T 
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Valine 


V 


Val 
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Tryptophan 


w 


Trp 


TGG 


Tyrosine 


Y 


Tyr 


TAC TAT 



Certain amino acids may be substituted for other amino acids in a protein 
sequence without appreciable loss of the desired activity. It is thus contemplated that 
various changes may be made in the peptide sequences of the disclosed protein 
sequences, or their corresponding nucleic acid sequences without appreciable loss of the 
biological activity. 

In making such changes, the hydropathic index of amino acids may be considered. 
The importance of the hydropathic amino acid index in conferring interactive biological 
function on a protein is generally understood in the art (Kyte and Doolittle, 1982). It is 
accepted that the relative hydropathic character of the amino acid contributes to the 
secondary structure of the resultant protein, which in turn defines the interaction of the 
protein with other molecules, for example, enzymes, substrates, receptors, DNA, 
antibodies, antigens, and the like. 



17 



Each amino acid has been assigned a hydropathic index on the basis of their 
hydrophobicity and charge characteristics. These are: isoleucine (+4.5); valine (+4.2); 
leucine (+3.8); phenylalanine (+2.8); cysteine/cysteine (+2.5); methionine (+1.9); alanine 
(+1.8); glycine (-0.4); threonine (-0.7); serine (-0.8); tryptophan (-0.9); tyrosine (-1.3); 
proline (-1.6); histidine (-3.2); glutamate/glutamine/aspartate/asparagine (-3.5); lysine (- 
3.9); and arginine (-4.5). 

It is known in the art that certain amino acids may be substituted by other amino 
acids having a similar hydropathic index or score and still result in a protein with similar 
biological activity, i.e., still obtain a biologically functional protein. In making such 
changes, the substitution of amino acids whose hydropathic indices are within ±2 is 
preferred, those within ±1 are more preferred, and those within ±0.5 are most preferred. 

It is also understood in the art that the substitution of like amino acids may be 
made effectively on the basis of hydrophilicity. U.S. Patent No. 4,554,101 (Hopp, T.P., 
issued November 19, 1985) states that the greatest local average hydrophilicity of a 
protein, as governed by the hydrophilicity of its adjacent amino acids, correlates with a 
biological property of the protein. The following hydrophilicity values have been 
assigned to amino acids: arginine/lysine (+3.0); aspartate/glutamate (+3.0 ±1); serine 
(+0.3); asparagine/glutamine (+0.2); glycine (0); threonine (-0.4); proline (-0.5 ±1); 
alanine/histidine (-0.5); cysteine (-1.0); methionine (-1.3); valine (-1.5); 
leucine/isoleucine (-1.8); tyrosine (-2.3); phenylalanine (-2.5); and tryptophan (-3.4). 

It is understood that an amino acid may be substituted by another amino acid 
having a similar hydrophilicity score and still result in a protein with similar biological 
activity, i.e., still obtain a biologically functional protein. In making such changes, the 
substitution of amino acids whose hydropathic indices are within ±2 is preferred, those 
within +1 are more preferred, and those within ±0.5 are most preferred. 

As outlined above, amino acid substitutions are therefore based on the relative 
similarity of the amino acid side-chain substituents, for example, their hydrophobicity, 
hydrophilicity, charge, size, and the like. Exemplary substitutions which take various of 
the foregoing characteristics into consideration are well known to those of skill in the art 
and include: arginine and lysine; glutamate and aspartate; serine and threonine; glutamine 
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and asparagine; and valine, leucine, and isoleucine. Changes which are not expected to 
be advantageous may also be used if these resulted proteins having improved rumen 
resistance, increased resistance to proteolytic degradation, or both improved rumen 
resistance and increased resistance to proteolytic degradation, relative to the unmodified 
polypeptide from which they are engineered. 
Recombinan t Vectors 

Any of the promoters and structural nucleic acid sequences described above may 
be provided in a recombinant vector. A recombinant vector typically comprises, in a 5' 
to 3' orientation: a promoter to direct the transcription of a structural nucleic acid 
sequence and a structural nucleic acid sequence. The recombinant vector may further 
comprise a 3' transcriptional terminator, a 3' polyadenylation signal, other untranslated 
nucleic acid sequences, transit and targeting nucleic acid sequences, selectable markers, 
enhancers, and operators, as desired. 

Means for preparing recombinant vectors are well known in the art. Methods for 
making recombinant vectors particularly suited to plant transformation are described in 
U.S. Patent Nos. 4,971,908, 4,940,835, 4,769,061 and 4,757,01 1. These type of vectors 
have also been reviewed (Rodriguez, et al, 1988; Glick, et al, 1993). 

Typical vectors useful for expression of nucleic acids in higher plants are well 
known in the art and include vectors derived from the tumor-inducing (Ti) plasmid of 
Agrobacterium tumefaciens (Rogers et al, 1987). Other recombinant vectors useful for 
plant transformation, including the pCaMVCN transfer control vector, have also been 
described (Fromm et al, 1985). 
Promoters i n the Recombinant Vectors 

The promoter used in the recombinant vector preferably transcribes a 
heterologous structural nucleic acid sequence at a high level in a plant. More preferably, 
the promoter hybridizes to SEQ ID NO: 1, the complement thereof, or any fragments 
thereof. Suitable hybridization conditions are described above. The nucleic acid 
sequence of the promoter preferably hybridizes, under low or high stringency conditions, 
with SEQ ID NO: 1, the complement thereof, or any fragments thereof. The promoter 
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most preferably hybridizes under high stringency conditions with SEQ ID NO: 1 , the 
complement thereof, or any fragments thereof. 

In an alternative embodiment, the promoter comprises a nucleic acid sequence 
that is at least 85% identical, and more preferably at least 86, 87, 88, 89, 90, 91, 92, 93, 
94, 95, 96, 97, 98, or 99% identical to SEQ ID NO: 1 . The promoter most preferably 
comprises or is SEQ ID NO: 1. Preferred methods for calculating the percent identity of 
two or more nucleic acid sequences is described above. In another alternative 
embodiment, the promoter is a fragment as described above. 

In another embodiment, the promoter hybridizes to SEQ ID NO: 2, the 
complement thereof, or any fragments thereof. Suitable hybridization conditions are 
described above. The nucleic acid sequence of the promoter preferably hybridizes, under 
low or high stringency conditions, with SEQ ID NO: 2, the complement thereof, or any 
fragments thereof. The promoter most preferably hybridizes under high stringency 
conditions with SEQ ID NO: 2, the complement thereof, or any fragments thereof. 

In an alternative embodiment, the promoter comprises a nucleic acid sequence 
that is at least 85% identical, and more preferably at least 86, 87, 88, 89, 90, 91, 92, 93, 
94, 95, 96, 97, 98, or 99% identical to SEQ ID NO: 2. The promoter most preferably 
comprises or is SEQ ID NO: 2. Preferred methods for calculating the percent identity of 
two or more nucleic acid sequences is described above. In another alternative 
embodiment, the promoter is a fragment as described above. 

In another embodiment, the promoter hybridizes to SEQ ID NO: 14, the 
complement thereof, or any fragments thereof. Suitable hybridization conditions are 
described above. The nucleic acid sequence of the promoter preferably hybridizes, under 
low or high stringency conditions, with SEQ ID NO: 14, the complement thereof, or any 
fragments thereof. The promoter most preferably hybridizes under high stringency 
conditions with SEQ ED NO: 14, the complement thereof, or any fragments thereof. 

In an alternative embodiment, the promoter comprises a nucleic acid sequence 
that is at least 85% identical, and more preferably at least 86, 87, 88, 89, 90, 91, 92, 93, 
94, 95, 96, 97, 98, or 99% identical to SEQ ID NO: 14. The promoter most preferably 
comprises or is SEQ ID NO: 14. Preferred methods for calculating the percent identity of 
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two or more nucleic acid sequences is described above. In another alternative 
embodiment, the promoter is a fragment as described above. 
Additional Promoters in the Recomb inant Vector 

One or more additional promoters may also be provided in the recombinant 
vector. These promoters may be operably linked to any of the structural nucleic acid 
sequences described above. Alternatively, the promoters may be operably linked to other 
nucleic acid sequences, such as those encoding transit peptides, selectable marker 
proteins, or antisense sequences. 

These additional promoters may be selected on the basis of the cell type into 
which the vector will be inserted. Promoters which function in bacteria, yeast, and plants 
are all well taught in the art. The additional promoters may also be selected on the basis 
of their regulatory features. Examples of such features include enhancement of 
transcriptional activity, inducibility, tissue-specificity, and developmental stage- 
specificity. In plants, promoters that are inducible, of viral or synthetic origin, 
constitutively active, temporally regulated, and spatially regulated have been described 
(Poszkowski, et al, 1989; Odell, et al, 1985; Chau, et al, 1989). 

Often-used constitutive promoters include the CaMV 35S promoter (Odell, J.T. et 
al, 1985), the enhanced CaMV 35S promoter, the Figwort Mosaic Virus (FMV) 
promoter (Richins et al, 1987), the mannopine synthase (mas) promoter, the nopaline 
synthase (nos) promoter, and the octopine synthase (ocs) promoter. 

Useful inducible promoters include promoters induced by salicylic acid or 
polyacrylic acids (PR-1; Williams , S. W. et al, 1992), induced by application of safeners 
(substituted benzenesulfonamide herbicides; Hershey, H.P. and Stoner, T.D., 1991), heat- 
shock promoters (Ou-Lee et al, 1986; Ainley et al., 1990), a nitrate-inducible promoter 
derived from the spinach nitrite reductase structural nucleic acid sequence (Back et al., 
1991), hormone-inducible promoters (Yamaguchi-Shinozaki et al., 1990; Kares et al., 
1990), and light-inducible promoters associated with the small subunit of RuBP 
carboxylase and LHCP families (Kuhlemeier et al., 1989; Feinbaum, R.L. et al., 1991; 
Weisshaar, B. et al, 1991; Lam, E. and Chua, N.H., 1990; Castresana, C. et al., 1988; 
Schulze-Lefert et al., 1989). 
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Examples of useful tissue-specific, developmentally-regulated promoters include 
the p-conglycinin 7Sa' promoter (Doyle, J.J. et al., 1986; Slighton and Beachy, 1987), 
and seed-specific promoters (Knutzon, D.S. et al, 1992; Bustos, M.M. et al., 1991; Lam 
and Chua, 1991; Stayton et al., 1991). Plant functional promoters useful for preferential 
expression in seed plastid include those from plant storage proteins and from proteins 
involved in fatty acid biosynthesis in oilseeds. Examples of such promoters include the 
5' regulatory regions from such structural nucleic acid sequences as napin (Kridl et al, 
1991), phaseolin, zein, soybean trypsin inhibitor, ACP, stearoyl-ACP desaturase, and 
oleosin. Seed-specific regulation is discussed in EP 0 255 378. 

Another exemplary tissue-specific promoter is the lectin promoter, which is 
specific for seed tissue. The Lectin protein in soybean seeds is encoded by a single 
structural nucleic acid sequence (Lei) that is only expressed during seed maturation and 
accounts for about 2 to about 5% of total seed mRNA. The lectin structural nucleic acid 
sequence and seed-specific promoter have been fully characterized and used to direct seed 
specific expression in transgenic tobacco plants (Vodkin et al, 1983; Lindstrom et al, 
1990.) 

Particularly preferred additional promoters in the recombinant vector include the 
nopaline synthase (nos), mannopine synthase (mas), and octopine synthase (ocs) 
promoters, which are carried on tumor-inducing plasmids of Agrobacterium tumefaciens; 
the cauliflower mosaic virus (CaMV) 19S and 35S promoters; the enhanced CaMV 35S 
promoter; the Figwort Mosaic Virus (FMV) 35S promoter; the light-inducible promoter 
from the small subunit of ribulose-l,5-bisphosphate carboxylase (ssRUBlSCO); the EIF- 
4A promoter from tobacco (Mandel et al, 1995); corn sucrose synthetase 1 (Yang and 
Russell, 1990); com alcohol dehydrogenase 1 (Vogel et al, 1989); corn light harvesting 
complex (Simpson, 1986); corn heat shock protein (Odell et al, 1985); the chitinase 
promoter from Arabidopsis (Samac et al, 1991); the LTP (Lipid Transfer Protein) 
promoters from broccoli (Pyee et al, 1995); petunia chalcone isomerase (Van Tunen et 
al, 1988); bean glycine rich protein 1 (Keller et al, 1989); Potato patatin (Wenzler et al, 
1989); the ubiquitin promoter from maize (Christensen et al, 1992); and the actin 
promoter from rice (McElroy et al, 1990). 



22 



The additional promoter is preferably seed selective, tissue selective, constitutive, 
or inducible. The promoter is most preferably the nopaline synthase (NOS), octopine 
synthase (OCS), mannopine synthase (MAS), cauliflower mosaic virus 19S and 35S 
(CaMV19S, CaMV35S), enhanced CaMV (eCaMV), ribulose 1,5-bisphosphate 
carboxylase (ssRUBISCO), figwort mosaic virus (FMV), CaMV derived AS4, tobacco 
RB7, wheat POX1, tobacco EIF-4, lectin protein (Lei), or rice RC2 promoter. 
Structural Nucleic Acid Seo n enr.es in the Recombinant Nucleic Acid Vector 

The promoter in the recombinant vector is preferably operably linked to a 
structural nucleic acid sequence. Exemplary structural nucleic acid sequences, and 
modified forms thereof, are described in detail above. The promoter of the present 
invention may be operably linked to a structural nucleic acid sequence that is 
heterologous with respect to the promoter. In one aspect, the structural nucleic acid 
sequence may generally be any nucleic acid sequence for which an increased level of 
transcription is desired. The structural nucleic acid sequence preferably encodes a 
polypeptide that is suitable for incorporation into the diet of a human or an animal. Suitable 
structural nucleic acid sequences include those encoding seed storage proteins, herbicide 
resistance proteins, disease resistance proteins, fatty acid biosynthetic enzymes, 
tocopherol biosynthetic enzymes, amino acid biosynthetic enzymes, or insecticidal 
proteins. Preferred structural nucleic acid sequences include, but are not limited to, gamma 
methyltransferase, phytyl prenyltransferase, beta-ketoacyl-CoA synthase, fatty acyl-CoA 
reductase, fatty acyl CoAfatty alcohol transacylase, anthranilate synthase, threonine 
deaminase, acetohydroxy acid synthase, aspartate kinase, dihydroxy acid synthase, aspartate 
kinase, dihydropicolinate synthase, thioesterase, 7Sa' seed storage protein, US seed 
storage protein, glycinin, beta-conglycinin, phaseolin, maize globulin- 1, maize zeins, 
seed albumin, and seed lectin. 

Alternatively, the promoter and structural nucleic acid sequence may be designed to 
down-regulate a specific nucleic acid sequence. This is typically accomplished by linking 
the promoter to a structural nucleic acid sequence that is oriented in the antisense direction. 
One of ordinary skill in the art is familiar with such antisense technology. Briefly, as the 
antisense nucleic acid sequence is transcribed, it hybridizes to and sequesters a 
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complimentary nucleic acid sequence inside the cell. This duplex RNA molecule cannot be 
translated into a protein by the cell's translational machinery. Thus, the cellular 
complimentary nucleic acid sequence is effectively down regulated as the subsequent steps 
of translation are disrupted. 

Any nucleic acid sequence may be negatively regulated in this manner. Targets of 
such regulation may include polypeptides that have a low content of essential amino acids, 
yet are expressed at a relatively high level in a particular tissue. For example, p- 
conglycinin and glycinin are expressed abundantly in seeds, but are nutritionally deficient 
with respect to essential amino acids. This antisense approach may also be used to 
effectively remove other undesirable proteins, such as antifeedants (e.g., lectins), albumin, 
and allergens, from plant-derived foodstuffs. 

Recombinant Vectors having Additional Structur al Nucleic Acid Sequences 

The recombinant vector may also contain one or more additional structural 
nucleic acid sequences. These additional structural nucleic acid sequences may generally 
be any sequences suitable for use in a recombinant vector. Such structural nucleic acid 
sequences include any of the structural nucleic acid sequences, and modified forms 
thereof, described above. The additional structural nucleic acid sequences may also be 
operably linked to any of the above described promoters. The one or more structural 
nucleic acid sequences may each be operably linked to separate promoters. Alternatively, 
the structural nucleic acid sequences may be operably linked to a single promoter (i.e. a 
single operon). 

The additional structural nucleic acid sequences preferably encode seed storage 
proteins, herbicide resistance proteins, disease resistance proteins, fatty acid biosynthetic 
enzymes, tocopherol biosynthetic enzymes, amino acid biosynthetic enzymes, or 
insecticidal proteins. Preferred structural nucleic acid sequences include, but are not 
limited to, gamma methyltransferase, phytyl prenyltransferase, beta-ketoacyl-CoA synthase, 
fatty acyl-CoA reductase, fatty acyl Co A: fatty alcohol transacylase, anthranilate synthase, 
threonine deaminase, acetohydroxy acid synthase, aspartate kinase, dihydroxy acid 
synthase, aspartate kinase, dihydropicolinate synthase, thioesterase, 7Sa' seed storage 
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protein, 1 IS seed storage protein, glycinin, beta-conglycinin, phaseolin, maize globulin- 1, 
maize zeins, seed albumin, and seed lectin. 

Alternatively, the second structural nucleic acid sequence may be designed to down- 
regulate a specific nucleic acid sequence. This is typically accomplished by operably 
5 linking the second structural amino acid, in an antisense orientation, with a promoter. One 
of ordinary skill in the art is familiar with such antisense technology. The process is also 
briefly described above. Any nucleic acid sequence may be negatively regulated in this 
manner. Preferable target nucleic acid sequences contain a low content of essential amino 
acids, yet are expressed at relatively high levels in particular tissues. For example, |3- 
1 0 conglycinin and glycinin are expressed abundantly in seeds, but are nutritionally deficient 
with respect to essential amino acids. This antisense approach may also be used to 
effectively remove other undesirable proteins, such as antifeedants (e.g., lectins), albumin, 
and allergens, from plant-derived foodstuffs. 
Selectable Markers 

15 The recombinant vector may further comprise a selectable marker. The nucleic 

acid sequence serving as the selectable marker functions to produce a phenotype in cells 
which facilitates their identification relative to cells not containing the marker. 

Examples of selectable markers include, but are not limited to: a neo gene 
(Potrykus, et al., 1985), which codes for kanamycin resistance and can be selected for 

20 using kanamycin, G41 8, etc. ; a bar gene which codes for bialaphos resistance; a mutant 
EPSP synthase gene (Hinchee, et al., 1988) which encodes glyphosate resistance; a 
nitrilase gene which confers resistance to bromoxynil (Stalker et al., 1988); a mutant 
acetolactate synthase gene (ALS) which confers imidazolinone or sulphonylurea 
resistance (European Patent Application No. 0154204); green fluorescent protein (GFP); 

25 and a methotrexate resistant DHFR gene (Thillet et al, 1 988). 

Other exemplary selectable markers include: a (3-glucuronidase or uidA gene 
(GUS), which encodes an enzyme for which various chromogenic substrates are known 
(Jefferson (I), 1987; Jefferson (II), et al, 1987); an R-locus gene, which encodes a 
product that regulates the production of anthocyanin pigments (red color) in plant tissues 

30 (Dellaporta et al., 1988); a pMactamase gene (Sutcliffe et al., 1978), which encodes an 
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enzyme for which various chromogenic substrates are known (e.g., PAD AC, a 
chromogenic cephalosporin); a luciferase gene (Ow et al, 1986); a xylE gene (Zukowsky 
et al, 1983) which encodes a catechol dioxygenase that can convert chromogenic 
catechols; an cc-amylase gene (Ikatu et al, 1990); a tyrosinase gene (Katz et al, 1983), 
5 which encodes an enzyme capable of oxidizing tyrosine to DOPA and dopaquinone 
(which in turn condenses to melanin); and an a-galactosidase, which will turn a 
chromogenic oc-galactose substrate. 

Included within the term "selectable markers" are also genes which encode a 
secretable marker whose secretion can be detected as a means of identifying or selecting 
10 for transformed cells. Examples include markers that encode a secretable antigen that can 
be identified by antibody interaction, or even secretable enzymes which can be detected 
catalytically. Selectable secreted marker proteins fall into a number of classes, including 
small, diffusible proteins which are detectable, (e.g., by ELISA), small active enzymes 
which are detectable in extracellular solution (e.g., cc-amylase, p-lactamase, 
1 5 phosphinothricin transferase), or proteins which are inserted or trapped in the cell wall 
(such as proteins which include a leader sequence such as that found in the expression 
unit of extension or tobacco PR-S). Other possible selectable marker genes will be 
apparent to those of skill in the art. 

The selectable marker is preferably GUS, green fluorescent protein (GFP), 
20 neomycin phosphotransferase II (nptll), luciferase (LUX), an antibiotic resistance coding 
sequence, or an herbicide (e.g., glyphosate) resistance coding sequence. The selectable 
marker is most preferably a kanamycin, hygromycin, or herbicide resistance marker. 
Other Elements in the Recom binant Vector 

Various cis-acting untranslated 5' and 3' regulatory sequences may be included in 
25 the recombinant nucleic acid vector. Any such regulatory sequences may be provided in 
a recombinant vector with other regulatory sequences. Such combinations can be 
designed or modified to produce desirable regulatory features. Exemplary combinations 
of regulatory sequences include, but are not limited to, those listed in Table 2. 

A 3' non-translated region typically provides a transcriptional termination signal, 
30 and a polyadenylation signal which functions in plants to cause the addition of adenylate 
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nucleotides to the 3' end of the mRNA. These may be obtained from the 3' regions to the 
nopaline synthase (nos) coding sequence, the soybean 7Sct' storage protein coding 
sequence, the Arcelin-5 coding sequence, the albumin coding sequence, and the pea 
ssRUBlSCO E9 coding sequence. Particularly preferred 3' nucleic acid sequences 
include Arcelin-5 3', nos 3', E9 3', adrl2 3', 7Sa' 3', US 3', USP 3', and albumin 3'. 

Typically, nucleic acid sequences located a few hundred base pairs downstream of 
the polyadenylation site serve to terminate transcription. These regions are required for 
efficient polyadenylation of transcribed mRNA. 

Translational enhancers may also be incorporated as part of the recombinant 
vector. Thus the recombinant vector may preferably contain one or more 5' non- 
translated leader sequences which serve to enhance expression of the nucleic acid 
sequence. Such enhancer sequences may be desirable to increase or alter the translational 
efficiency of the resultant mRNA. Preferred 5' nucleic acid sequences include dSSU 5', 
PetHSP70 5', and GmHSP17.9 5'. 

The recombinant vector may further comprise a nucleic acid sequence encoding a 
transit peptide. This peptide may be useful for directing a protein to the extracellular 
space, a chloroplast, or to some other compartment inside or outside of the cell, (see, e.g., 
European Patent Application Publication Number 0218571) 

The structural nucleic acid sequence in the recombinant vector may comprise 
introns. The introns may be heterologous with respect to the structural nucleic acid 
sequence. Preferred introns include the rice actin intron and the corn HSP70 intron. 
Transgenic Plants and Transformed Host Cells 

The invention is also directed to transgenic plants and transformed host cells 
which comprise, in a 5' to 3' orientation, a promoter operably linked to a heterologous 
structural nucleic acid sequence. Other nucleic acid sequences may also be introduced 
into the plant or host cell along with the promoter and structural nucleic acid sequence. 
These other sequences may include 3' transcriptional terminators, 3' polyadenylation 
signals, other untranslated nucleic acid sequences, transit or targeting sequences, 
selectable markers, enhancers, and operators. 
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Preferred nucleic acid sequences of the present invention, including recombinant 
vectors, structural nucleic acid sequences, promoters, and other regulatory elements, are 
described above. The promoter preferably has a nucleic acid sequence that hybridizes 
under stringent conditions with SEQ ID NO: 1, or the complement thereof; or is at least 
94% identical to SEQ ID NO: 1. In another embodiment, the promoter has a nucleic acid 
sequence that hybridizes under stringent conditions with SEQ ID NO: 2, or the 
complement thereof; or is at least 94% identical to SEQ ID NO: 2. In another 
embodiment, the promoter has a nucleic acid sequence that hybridizes under stringent 
conditions with SEQ ID NO: 14, or the complement thereof; or is at least 94% identical 
to SEQ ID NO: 14. 

Means for preparing such recombinant vectors are well known in the art. For 
example, methods for making recombinant vectors particularly suited to plant 
transformation are described in U.S. Patent Nos. 4,971,908, 4,940,835, 4,769,061 and 
4,757,011. These vectors have also been reviewed (Rodriguez, et al, 1988; Glick, et al, 
1993) and are described above. 

Typical vectors useful for expression of nucleic acids in cells and higher plants 
are well known in the art and include vectors derived from the tumor-inducing (Ti) 
plasmid of Agrobacterium tumefaciens (Rogers et al, 1987). Other recombinant vectors 
useful for plant transformation, have also been described (Fromm et al, 1985). Elements 
of such recombinant vectors are discussed above. 

The transformed host cell may generally be any cell which is compatible with the 
present invention. The transformed host cell is preferably prokaryotic, more preferably a 
bacterial cell, even more preferably a. Agrobacterium, Bacillus, Escherichia, 
Pseudomonas cell, and most preferably is an Escherichia coli cell. 

Alternatively, the transformed host cell is preferably eukaryotic, and more 
preferably a plant, yeast, or fungal cell. The yeast cell preferably is a Saccharomyces 
cerevisiae, Schizosaccharomyces pombe, or Pichia pastoris. The plant cell preferably is 
an alfalfa, apple, banana, barley, bean, broccoli, cabbage, carrot, castorbean, celery, 
citrus, clover, coconut, coffee, corn, cotton, cucumber, garlic, grape, linseed, melon, oat, 
olive, onion, palm, parsnip, pea, peanut, pepper, potato, radish, rapeseed, rice, rye, 
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sorghum, soybean, spinach, strawberry, sugarbeet, sugarcane, sunflower, tobacco, tomato, 
or wheat cell. The transformed host cell is more preferably a canola, maize, or soybean 
cell; and most preferably a soybean cell. 

The soybean cell is preferably an elite soybean cell line. An "elite line" is any line 
that has resulted from breeding and selection for superior agronomic performance. 
Examples of elite lines are lines that are commercially available to farmers or soybean 
breeders such as HARTZ™ variety H4994, HARTZ™ variety H5218, HARTZ™ variety 
H5350, HARTZ™ variety H5545, HARTZ™ variety H5050, HARTZ™ variety H5454, 
HARTZ™ variety H5233, HARTZ™ variety H5488, HARTZ™ variety HLA572, 
HARTZ™ variety H6200, HARTZ™ variety H6104, HARTZ™ variety H6255, 
HARTZ™ variety H6586, HARTZ™ variety H6191, HARTZ™ variety H7440, 
HARTZ™ variety H4452 Roundup Ready™, HARTZ™ variety H4994 Roundup 
Ready™, HARTZ™ variety H4988 Roundup Ready™, HARTZ™ variety H5000 
Roundup Ready™, HARTZ™ variety H5147 Roundup Ready™, HARTZ™ variety 
H5247 Roundup Ready™, HARTZ™ variety H5350 Roundup Ready™, HARTZ™ 
variety H5545 Roundup Ready™, HARTZ™ variety H5855 Roundup Ready™, 
HARTZ™ variety H5088 Roundup Ready™, HARTZ™ variety H5164 Roundup 
Ready™, HARTZ™ variety H5361 Roundup Ready™, HARTZ™ variety H5566 
Roundup Ready™, HARTZ™ variety H5181 Roundup Ready™, HARTZ™ variety 
H5889 Roundup Ready™, HARTZ™ variety H5999 Roundup Ready™, HARTZ™ 
variety H6013 Roundup Ready™, HARTZ™ variety H6255 Roundup Ready™, 
HARTZ™ variety H6454 Roundup Ready™, HARTZ™ variety H6686 Roundup 
Ready™, HARTZ™ variety H7152 Roundup Ready™, HARTZ™ variety H7550 
Roundup Ready™, HARTZ™ variety H8001 Roundup Ready™ (HARTZ SEED, 
Stuttgart, Arkansas, U.S.A.); A0868, AG0901, A1553, A1900, AG1901, A1923, A2069, 
AG2101, AG2201, A2247, AG2301, A2304, A2396, AG2401, AG2501, A2506, A2553, 
AG2701, AG2702, A2704, A2833, A2869, AG2901, AG2902, AG3001, AG3002, 
A3204, A3237, A3244, AG3301, AG3302, A3404, A3469, AG3502, A3559, AG3601, 
AG3701, AG3704, AG3750, A3834, AG3901, A3904, A4045 AG4301, A4341, 
AG4401, AG4501, AG4601, AG4602, A4604, AG4702, AG4901, A4922, AG5401, 
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A5547, AG5602, A5704, AG5801, AG5901, A5944, A5959, AG6101, QR4459 and 
QP4544 (Asgrow Seeds, Des Moines, Iowa, U.S.A.); DeKalb variety CX445 (DeKalb, 
Illinois). 

The transgenic plant is preferably an alfalfa, apple, banana, barley, bean, broccoli, 
cabbage, carrot, castorbean, celery, citrus, clover, coconut, coffee, corn, cotton, 
cucumber, garlic, grape, linseed, melon, oat, olive, onion, palm, parsnip, pea, peanut, 
pepper, potato, radish, rapeseed, rice, rye, sorghum, soybean, spinach, strawberry, 
sugarbeet, sugarcane, sunflower, tobacco, tomato, or wheat plant. The transformed host 
plant is more preferably a canola, maize, or soybean cell; and most preferably a soybean 
plant. 

The transgenic soybean plant is preferably an elite soybean plant. An "elite 
soybean plant" is any plant that is generated from a soybean line that has been bred and 
selected for superior agronomic performance. Examples of elite plants include those 
commercially available to farmers or soybean breeders such as HARTZ™ variety H4994, 
HARTZ™ variety H5218, HARTZ™ variety H5350, HARTZ™ variety H5545, 
HARTZ™ variety H5050, HARTZ™ variety H5454, HARTZ™ variety H5233, 
HARTZ™ variety H5488, HARTZ™ variety HLA572, HARTZ™ variety H6200, 
HARTZ™ variety H6104, HARTZ™ variety H6255, HARTZ™ variety H6586, 
HARTZ™ variety H6191, HARTZ™ variety H7440, HARTZ™ variety H4452 Roundup 
Ready™, HARTZ™ variety H4994 Roundup Ready™, HARTZ™ variety H4988 
Roundup Ready™, HARTZ™ variety H5000 Roundup Ready™, HARTZ™ variety 
H5147 Roundup Ready™, HARTZ™ variety H5247 Roundup Ready™, HARTZ™ 
variety H5350 Roundup Ready™, HARTZ™ variety H5545 Roundup Ready™, 
HARTZ™ variety H5855 Roundup Ready™, HARTZ™ variety H5088 Roundup 
Ready™, HARTZ™ variety H5164 Roundup Ready™, HARTZ™ variety H5361 
Roundup Ready™, HARTZ™ variety H5566 Roundup Ready™, HARTZ™ variety 
H5181 Roundup Ready™, HARTZ™ variety H5889 Roundup Ready™, HARTZ™ 
variety H5999 Roundup Ready™, HARTZ™ variety H6013 Roundup Ready™, 
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HARTZ™ variety H6255 Roundup Ready™, HARTZ™ variety H6454 Roundup 
Ready™, HARTZ™ variety H6686 Roundup Ready™, HARTZ™ variety H7152 
Roundup Ready™, HARTZ™ variety H7550 Roundup Ready™, HARTZ™ variety 
H8001 Roundup Ready™ (HARTZ SEED, Stuttgart, Arkansas, U.S.A.); A0868, 
AG0901, A1553, A1900, AG1901, A1923, A2069, AG2101, AG2201, A2247, AG2301, 
A2304, A2396, AG2401, AG2501, A2506, A2553, AG2701, AG2702, A2704, A2833, 
A2869, AG2901, AG2902, AG3001, AG3002, A3204, A3237, A3244, AG3301, 
AG3302, A3404, A3469, AG3502, A3559, AG3601, AG3701, AG3704, AG3750, 
A3834, AG3901, A3904, A4045 AG4301, A4341, AG4401, AG4501, AG4601, 
AG4602, A4604, AG4702, AG4901, A4922, AG5401, A5547, AG5602, A5704, 
AG5801, AG5901, A5944, A5959, AG6101, QR4459 and QP4544 (Asgrow Seeds, Des 
Moines, Iowa, U.S.A.); DeKalb variety CX445 (DeKalb, Illinois). 
Other Organisms 

Any of the above described promoters and structural nucleic acid sequences may 
be introduced into any cell or organism such as a mammalian cell, mammal, fish cell, 
fish, bird cell, bird, algae cell, algae, fungal cell, fungi, or bacterial cell. Preferred hosts 
and transformants include: fungal cells such as Aspergillus, yeasts, mammals 
(particularly bovine and porcine), insects, bacteria and algae Methods to transform such 
cells or organisms are known in the art (EP 0238023; Yelton et al, Proc. Natl. Acad. Sci. 
(U.S.A.), <5i:1470-1474 (1984); Malardier et al, Gene, 75:147-156 (1989); Becker and 
Guarente, In: Abelson and Simon (eds.,), Guide to Yeast Genetics and Molecular 
Biology, Methods Enzymol., Vol. 194, pp. 182-187, Academic Press, Inc., New York; Ito 
et al, J. Bacteriology, 753:163 (1983); Hinnen et al, Proc. Natl Acad. Sci. (U.S.A.), 
75:1920 (1978); Bennett and LaSure (eds.), More Gene Manipulations in Fungi, 
Academic Press, CA (1991), all of which are herein incorporated by reference in their 
entirety). Methods to produce proteins of the present invention from such organisms are 
also known (Kudla et al, EMBO, 9:1355-1364 (1990); Jarai and Buxton, Current 
Genetics, 26:2238-2244 (1994); Verdier, Yeast, (5:271-297 (1990); MacKenzie et al, 
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Journal of Gen. Microbiol, 739:2295-2307 (1993); Hartl et al, TIBS, 79:20-25 (1994); 
Bergeron et al, TIBS, 79:124-128 (1994); Demolder et al,J. Biotechnology, 32:179-189 
(1994); Craig, Science, 250:1902-1903 (1993); Gething and Sambrook, Nature, 355:33- 
45 (1992); Puig and Gilbert, J. Biol Chem., 269:7764-7771 (1994); Wang and Tsou, 
FASEB Journal, 7:1515-1517 (9193); Robinson et al, Bio/Technology, 7:381-384 
(1994); Enderlin and Ogrydziak, Yeast, 10:61-19 (1994); Fuller et al, Proc. Natl Acad. 
Sci. (U.S.A.), 56:1434-1438 (1989); Julius etal, Cell, 37:1075-1089 (1984); Julius etal, 
Cell, 32:839-852 (1983), all of which are herein incorporated by reference in their 
entirety). 

Method for Preparing T ransformed Host Cells 

The invention is also directed to a method of producing transformed host cells 
which comprise, in a 5' to 3' orientation, a promoter operably linked to a heterologous 
structural nucleic acid sequence. Other sequences may also be introduced into the host 
cell along with the promoter and structural nucleic acid sequence. These other sequences 
may include 3' transcriptional terminators, 3' polyadenylation signals, other untranslated 
sequences, transit or targeting sequences, selectable markers, enhancers, and operators. 

Preferred recombinant vectors, structural nucleic acid sequences, promoters, and 
other regulatory elements are described above. The promoter preferably has a nucleic 
acid sequence that hybridizes under stringent conditions with SEQ ID NO: 1, or the 
complement thereof; or is at least 94% identical to SEQ ID NO: 1. In another 
embodiment, the promoter preferably has a nucleic acid sequence that hybridizes under 
stringent conditions with SEQ ID NO: 2, or the complement thereof; or is at least 94% 
identical to SEQ ID NO: 2. In another embodiment, the promoter preferably has a 
nucleic acid sequence that hybridizes under stringent conditions with SEQ ID NO: 14, or 
the complement thereof; or is at least 94% identical to SEQ ID NO: 14. 

The method generally comprises the steps of selecting a suitable host cell, 
transforming the host cell with a recombinant vector, and obtaining the transformed host 
cell. 

There are many methods for introducing nucleic acids into host cells. Suitable 
methods include bacterial infection {e.g. Agrobacterium), binary bacterial artificial 
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chromosome vectors, direct delivery of DNA (e.g. via PEG-mediated transformation, 
desiccation/inhibition-mediated DNA uptake, electroporation, agitation with silicon 
carbide fibers, and acceleration of DNA coated particles, etc. (reviewed in Potrykus, et 
al, 1991). 

Technology for introduction of DNA into cells is well known to those of skill in 
the art. These methods can generally be classified into four categories: (1) chemical 
methods (Graham and van der Eb, 1973; Zatloukal et al, 1992); (2) physical methods 
such as microinjection (Capecchi, 1980), electroporation (Wong and Neumann, 1982; 
Fromm et al, 1985; U.S. Patent No. 5,384,253) and particle acceleration (Johnston and 
Tang, 1994; Fynan et al, 1993); (3) viral vectors (Clapp, 1993; Lu et al, 1993; Eglitis 
and Anderson, 1988); and (4) receptor-mediated mechanisms (Curiel et al, 1992; Wagner 
et al, 1992). Alternatively, nucleic acids can be directly introduced into pollen by 
directly injecting a plant's reproductive organs (Zhou et al. , 1983; Hess, 1987; Luo et al, 
1988; Pena et al, 1987). The nucleic acids may also be injected into immature embryos 
(Neuhaus et al, 1987). 

The recombinant vector used to transform the host cell typically comprises, in a 5' 
to 3' orientation: a promoter to direct the transcription of a structural nucleic acid 
sequence, a structural nucleic acid sequence, a 3' transcriptional terminator, and a 3' 
polyadenylation signal. The recombinant vector may further comprise untranslated 
nucleic acid sequences, transit and targeting nucleic acid sequences, selectable markers, 
enhancers, or operators. 

Suitable recombinant vectors, structural nucleic acid sequences, promoters, and 
other regulatory elements are described above. 

The transformed host cell may generally be any cell which is compatible with the 
present invention. The transformed host cell preferably is prokaryotic, more preferably is 
a bacterial cell, even more preferably is an Agrobacterium, Arthrobacter, Azospyrillum, 
Clavibacter, Escherichia, Pseudomonas, Rhizobacterium cell, and most preferably is an 
Escherichia coli cell. Alternatively, the transformed host cell preferably is eukaryotic, 
more preferably is a plant, yeast, or fungal cell, and most preferably is an alfalfa, banana, 
barley, bean, cabbage, carrot, castorbean, celery, clover, coconut, corn, cotton, cucumber, 
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linseed, melon, olive, palm, parsnip, pea, peanut, pepper, potato, radish, rapeseed, rice, 
soybean, spinach, sunflower, tobacco, tomato, or wheat plant cell. The transformed host 
cell is more preferably a canola, maize, or soybean cell; and most preferably a soybean 
cell. The soybean cell is preferably an elite soybean cell (described above). 
Method For Preparing Transgenic Plants 

The invention is further directed to a method for preparing transgenic plants 
comprising, in a 5' to 3' direction, a promoter operably linked to a heterologous structural 
nucleic acid sequence. Other structural nucleic acid sequences may also be introduced 
into the plant along with the promoter and structural nucleic acid sequence. These other 
structural nucleic acid sequences may include 3' transcriptional terminators, 3' 
polyadenylation signals, other untranslated nucleic acid sequences, transit or targeting 
sequences, selectable markers, enhancers, and operators. 

Preferred recombinant vectors, structural nucleic acid sequences, promoters, and 
other regulatory elements are described above. The promoter preferably has a nucleic 
acid sequence that hybridizes under stringent conditions with SEQ ID NO: 1, or the 
complement thereof; or is at least 94% identical to SEQ ID NO: 1. In another 
embodiment, the promoter preferably has a nucleic acid sequence that hybridizes under 
stringent conditions with SEQ ID NO: 2, or the complement thereof; or is at least 94% 
identical to SEQ ID NO: 2. In another embodiment, the promoter preferably has a 
nucleic acid sequence that hybridizes under stringent conditions with SEQ ID NO: 14, or 
the complement thereof; or is at least 94% identical to SEQ ID NO: 14. 

The method generally comprises selecting a suitable plant cell, transforming the 
plant cell with a recombinant vector, obtaining the transformed host cell, and culturing 
the transformed host cell under conditions effective to produce a plant. 

The transgenic plant may generally be any type of plant, preferably is one with 
agronomic, horticultural, ornamental, economic, or commercial value, and more 
preferably is an alfalfa, apple, banana, barley, bean, broccoli, cabbage, carrot, castorbean, 
celery, citrus, clover, coconut, coffee, corn, cotton, cucumber, Douglas fir, Eucalyptus, 
garlic, grape, Loblolly pine, linseed, melon, oat, olive, onion, palm, parsnip, pea, peanut, 
pepper, poplar, potato, radish, Radiata pine, rapeseed, rice, rye, sorghum, Southern pine, 
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soybean, spinach, strawberry, sugarbeet, sugarcane, sunflower, Sweetgum, tea, tobacco, 
tomato, turf, or wheat plant. The transformed plant is more preferably a canola, maize, or 
soybean cell; and most preferably a soybean plant. The soybean plant is preferably an 
elite soybean plant. An elite plant is any plant from an elite line. Elite lines are described 
5 above. 

The regeneration, development, and cultivation of plants from transformed plant 
protoplast or explants is well taught in the art (Weissbach and Weissbach, 1988; Horsch 
et al, 1985). In this method, transformants are generally cultured in the presence of a 
selective media which selects for the successfully transformed cells and induces the 

10 regeneration of plant shoots (Fraley et al, 1983). These shoots are typically obtained 
within two to four months. 

The shoots are then transferred to an appropriate root-inducing medium 
containing the selective agent and an antibiotic to prevent bacterial growth. Many of the 
shoots will develop roots. These are then transplanted to soil or other media to allow the 

15 continued development of roots. The method, as outlined, will generally vary depending 
on the particular plant strain employed. 

Preferably, the regenerated transgenic plants are self-pollinated to provide 
homozygous transgenic plants. Alternatively, pollen obtained from the regenerated 
transgenic plants may be crossed with non-transgenic plants, preferably inbred lines of 

20 agronomically important species. Conversely, pollen from non-transgenic plants may be 
used to pollinate the regenerated transgenic plants. 

The transgenic plant may pass along the nucleic acid sequence encoding the 
antifungal protein to its progeny. The transgenic plant is preferably homozygous for the 
nucleic acid encoding the antifungal protein and transmits that sequence to all of its 

25 offspring upon as a result of sexual reproduction. Progeny may be grown from seeds 
produced by the transgenic plant. These additional plants may then be self-pollinated to 
generate a true breeding line of plants. 

The progeny from these plants are evaluated, among other things, for gene 
expression. The gene expression may be detected by several common methods such as 

30 western blotting, northern blotting, immunoprecipitation, and ELISA. 



m 



ru 



o 

u 



Fusion Proteins 

Any of the above described structural nucleic acid sequences, and modified forms 
thereof, may be linked with additional nucleic acid sequences to encode fusion proteins. 
The additional nucleic acid sequence preferably encodes at least 1 amino acid, peptide, or 
protein. Production of fusion proteins is routine in the art and many possible fusion 
combinations exist. 

For instance, the fusion protein may provide a "tagged" epitope to facilitate 
detection of the fusion protein, such as GST, GFP, FLAG, or polyHIS. Such fusions 
preferably encode between 1 and 50 amino acids, more preferably between 5 and 30 
additional amino acids, and even more preferably between 5 and 20 amino acids. 

Alternatively, the fusion may provide regulatory, enzymatic, cell signaling, or 
intercellular transport functions. For example, a sequence encoding a chloroplast transit 
peptide may be added to direct a fusion protein to the chloroplasts within a plant cell. 
Such fusion partners preferably encode between 1 and 1000 additional amino acids, more 
preferably between 5 and 500 additional amino acids, and even more preferably between 
10 and 250 amino acids. 
Sequence Analysis 

In the present invention, sequence similarity or identity is preferably determined 
using the "Best Fit" or "Gap" programs of the Sequence Analysis Software Package™ 
(Version 10; Genetics Computer Group, Inc., University of Wisconsin Biotechnology 
Center, Madison, WI). "Gap" utilizes the algorithm of Needleman and Wunsch 
(Needleman and Wunsch, 1970) to find the alignment of two sequences that maximizes 
the number of matches and minimizes the number of gaps. "BestFit" performs an 
optimal alignment of the best segment of similarity between two sequences. Optimal 
alignments are found by inserting gaps to maximize the number of matches using the 
local homology algorithm of Smith and Waterman (Smith and Waterman, 1981; Smith, et 
al, 1983). 

The Sequence Analysis Software Package described above contains a number of 
other useful sequence analysis tools for identifying homologues of the presently disclosed 
nucleotide and amino acid sequences. For example, the "BLAST" program (Altschul, et 
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al., 1990) searches for sequences similar to a query sequence (either peptide or nucleic 
acid) in a specified database {e.g., sequence databases maintained at the National Center 
for Biotechnology Information (NCBI) in Bethesda, Maryland, USA); "FastA" (Lipman 
and Pearson, 1985; see also Pearson and Lipman, 1988; Pearson, et al, 1990) performs a 
Pearson and Lipman search for similarity between a query sequence and a group of 
sequences of the same type (nucleic acid or protein); "TfastA" performs a Pearson and 
Lipman search for similarity between a protein query sequence and any group of 
nucleotide sequences (it translates the nucleotide sequences in all six reading frames 
before performing the comparison); "FasfX" performs a Pearson and Lipman search for 
similarity between a nucleotide query sequence and a group of protein sequences, taking 
frameshifts into account. "TfastX" performs a Pearson and Lipman search for similarity 
between a protein query sequence and any group of nucleotide sequences, taking 
frameshifts into account (it translates both strands of the nucleic acid sequence before 
performing the comparison). 
Probes and Primers 

Short nucleic acid sequences having the ability to specifically hybridize to 
complementary nucleic acid sequences may be produced and utilized in the present 
invention. These short nucleic acid molecules may be used as probes to identify the 
presence of a complementary nucleic acid sequence in a given sample. Thus, by 
constructing a nucleic acid probe which is complementary to a small portion of a 
particular nucleic acid sequence, the presence of that nucleic acid sequence may be 
detected and assessed. 

Use of these probes may greatly facilitate the identification of transgenic plants 
which contain the presently disclosed promoters and structural nucleic acid sequences. 
The probes may also be used to screen cDNA or genomic libraries for additional nucleic 
acid sequences related or sharing homology to the presently disclosed promoters and 
structural nucleic acid sequences. 

Alternatively, the short nucleic acid sequences may be used as oligonucleotide 
primers to amplify or mutate a complementary nucleic acid sequence using PCR 
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technology. These primers may also facilitate the amplification of related complementary 
nucleic acid sequences (e.g. related nucleic acid sequences from other species). 

The short nucleic acid sequences may be used as probes and specifically as PCR 
probes. A PCR probe is a nucleic acid molecule capable of initiating a polymerase 
activity while in a double-stranded structure with another nucleic acid. Various methods 
for determining the structure of PCR probes and PCR techniques exist in the art. 
Computer generated searches using programs such as Primer3 (www.genome.wi.mit.edu/ 
cgi-bin/primer/primer3.cgi), STSPipeline (www-genome.wi.mit.edu/cgi-bin/www.STS_ 
Pipeline), or GeneUp (Pesole et ah, 1998), for example, can be used to identify potential 
PCR primers. 

The primer or probe is generally complementary to a portion of a nucleic acid 
sequence that is to be identified, amplified, or mutated. The primer or probe should be of 
sufficient length to form a stable and sequence-specific duplex molecule with its 
complement. The primer or probe preferably is about 10 to about 200 nucleotides long, 
more preferably is about 10 to about 100 nucleotides long, even more preferably is about 
10 to about 50 nucleotides long, and most preferably is about 14 to about 30 nucleotides 
long. 

The primer or probe may be prepared by direct chemical synthesis, by PCR (U.S. 
Patents 4,683,195, and 4,683,202), or by excising the nucleic acid specific fragment from 
a larger nucleic acid molecule. 

EXAMPLES 

The following examples are provided to better illustrate the practice of the present 
invention and should not be interpreted in any way to limit the scope of the present 
invention. Those skilled in the art will recognize that various modifications, truncations, 
etcetera can be made to the methods and genes described herein while not departing from 
the spirit and scope of the present invention. 



Example 1 : Production of Arcelin Promoters 
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Seeds of the P. vulgaris exotic genotype G02771 containing the Arcelin-5 seed 
protein are obtained from the USDA seed stock center (USDA, ARS, Washington State 
University, Regional Plant Introduction Station, 59 Johnson Hall, P.O. Box 646402, 
Pullman, Washington, USA 99164-6402). A PCR approach is designed and optimized 
to obtain fragments from the Arcelin-5 nucleic acid sequence. The following six 
fragments from Arcelin-5 are obtained: 

The promoter region (1.8 Kb); the promoter region upstream of the transcription 
initiation site (TATA box) (1.7Kb); the 3'UTR region (terminator) (1.3Kb); the promoter 
region with a substituted 5'UTR (dSSU soybean 5'UTR) (1.8Kb); the genomic clone 
(4Kb); and the coding region. 

Exotic genotypes containing other Arcelin promoters {e.g., Arcelin-3 (PI 41683), 
Arcelin-4 (PI 417775), are similarly obtained. The Arcelin-3 and Arcelin-4 promoters are 
cloned using the PCR approach described above. A sequence alignment comparing the 
Arcelin-3, -4, and -5 promoter sequences is provided in Figures 1 and 4a-e. The Arcelin- 
3 and Arcelin-4 nucleic acid sequences are 99% identical. The Arcelin-5 promoter 
nucleic acid sequence is approximately 93% identical to the Arcelin-3 and Arcelin-4 
nucleic acid sequences. Specific differences between the nucleic acid sequences are also 
indicated in Figure 1 . 

A deletion mutant of the Arcelin-5 promoter is also constructed. Approximately 
600 base pairs are removed from the promoter nucleic acid sequence. This truncated 
nucleic acid sequence is designated T-Arc5 (SEQ ID NO: 1). The various Arcelin and 
7Sa' promoter constructs are listed in Table 2. The plasmid map for pMON55540, 
which is a representative construct that can be used for expression of the GUS or Arcelin- 
5 gene, is shown in Figure 6. The promoters designated as 7S-1A, 7S-2A, and 7S-3A are 
those found in U.S. provisional application 60/316,975, filed on September 5, 2001 and 
entitled "Improved Seed Specific 7sa Promoters for Expression of Genes in Plants," 
which is herein incorporated by reference in its entirety. 

TABLE 2 Arcelin and 7Sa' Promoter Constructs 



Plasmid 


promoter 


coding 


3'UTR 


5'UTR 


notes 


designation 




region 
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pMON 13773 

(positive 

control) 


7Sa' 


GUS 


NOS 






pMON 55524 


P-PvArc5 


— 
GUS 


NOS 


"native 


Arcelin-5 promoter 


pMON 55525 


P-PvArc5 


GUS 


NOS 


"native 


Arabidopsis vector 


pMON 55526 


P-PvArc5 


— 


NOS 


— p— 

"^Irve 


Soybean vector 


pMON 55527 


T-Arc5 


GUS 


NOS 


na lve 


Truncated. Arcelin- 
5 promoter 


pMON 55528 


r-rvArcj 


— 
GUS 


Arc 5 


native 




pMON 55529 


T-Arc5 


GUS 


NOS 


dSSU 




pMON 55533 


P-PvArc5 


— 


E9 


"native 




pMON 55534 


T-Arc5 


GUS 








pMON 55535 


T-Arc5 


GUS 


E9 


"native 





pMON 55536 


T-Arc5 


— 


NOS 


pptH < s;P7n 

L CLXTO JT / \J 




pMON 55537 


T-Arc5 


GUS 


NOS 


r.mHSP 1 7 Q 




pMON 55538 


P-PvArc3 




NOS 




Arcelin-3 promoter 


pMON 55539 


P-PvArc4 




NOS 


"mmve 


Arcelin-4 promoter 


pMUN 


T-Arc5 


GUS 


E9 


GmHSP17.9 




—A Af\Kl C C C A 1 

pMUN 




GUS 


NOS 


"native 


Arabidopsis vector 


A f A\T CCC>n 

pMUN 


— 


GUS 


NOS 




Soybean vector 


—A /T/'YN.T ccc^l 
pJVlUJN D!)j4J 


P-PvArc5 


GUS 


Arc5 


nstivc 


Soybean vector 


—A yT/^VXT C C C A A 

pMUJN Djj44 


P-PvArc5 


GUS 


ADR12 






pMUJN jjj4D 


P-Pv Arc5 


GUS 


Arc5 


"native 


Arabidopsis vector 


pMON 55546 


7S-2A 


GUS 


NOS 


native 


new 7Sa promoter 


pMON 55547 


7S-3A 


GUS 


NOS 


native 


new 7Sa promoter 


pMON 55548 


7S-1A 


GUS 


NOS 


native 


new 7Sa promoter 


pMON 55550 


Arcelin-5 


Arc. 5 


Arc5 


Arc5 


Arabidopsis vector 


pMON 55551 


Arcelin-5 


Arc. 5 


Arc5 


Arc5 


Soybean vector 



Example 2 : Transformation of Soybean Cotyledons 

Soybean cotyledons are transiently transformed with pMON58100, 13773, 55524, 
55527, 55538, and 55539 (see Table 2 for description of each) by particle bombardment. 
Briefly, seeds from Asgrow A3244 soybean plants are harvested 25-28 days after 
flowering. Seeds are osmotically treated overnight at 25°C in the dark on Gamborg's 
Media (G5893, Sigma Aldrich Company, St. Louis, MO) supplemented with 50mM 
glutamine, 1 1 lmM maltose, 125mM raffinose, 125 mM mannitol, and 3 g/L purified 
agar, pH 5.6. The resulting half seeds are bombarded with 2 u.g/ul of the Arcelin and 
7Sa' promoter constructs. A separate e35S driven luciferase construct is included in a 
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1:1 molar ratio with each of the promoter constructs as an internal control. Bombarded 
tissues are incubated for 48 hours at 25C. 

Example 3 : Analysis of Arcelin Promoter Activity 

5 Bombarded tissues are analyzed for expression of GUS and luciferase activity. 

Protein is extracted from six bombarded soybean cotyledons using 1 ml extraction buffer 
containing 0.1 M potassium phosphate (pH 7.8), lOmM DTT, 1 mM EDTA, 5% glycerol, 
and protease inhibitor cocktail (1 tablet/50 ml; #1697498, Roche Diagnostics 
Corporation, Indianapolis, IN). Protein extract is prepared in lOOul aliquots and tested 

1 0 for luciferase activity according to manufacturer protocol (Steady-Glo™, #E25 1 0, 
Promega Corporation, Madison, WI). GUS activity is measured using 50ul aliquots 
following a standard procedure with minor modification (Maliga, et al., 1995, Methods 
in Plant Molecular Biology, A Laboratory Course Manual," Cold Spring Harbor 
Laboratory Press, page 29). GUS activity is normalized based on the luciferase activity 

1 5 of the internal control. Results of three independent experiments (performed in duplicate) 
are provided in Figure 2. The results indicate that the Arcelin-5 promoter is significantly 
stronger than the bench mark 7Sa' promoter. The Arcelin-3 and Arcelin-4 promoters are 
at least as strong as the bench mark 7Sa'. 

20 Example 4: Expression from Arcelin Promoters in Transgenic Soybean 

To further characterize the Arcelin promoters, multiple transgenic soybean plants 
are produced containing either the Arcelin-5 promoter/GUS/NOS transgene expression 
cassette (pMON55526) or the 7Sct' promoter/GUS/NOS transgene expression cassette 
(pMON39319). Plants are initially screened to exclude those not expressing a transgene. 

25 Seventeen lines expressing pMON55526, and 6 lines expressing pMON393 1 9, are 
assayed for GUS activity. 

Briefly, four seeds are chosen from each line and ground to a fine powder. About 
20mg of ground seed powder is mixed with 0.2 ml extraction buffer containing 0.1 M 
potassium phosphate (pH 7.8), lOmM DTT, 1 mM EDTA, 5% glycerol, and protease 

30 inhibitor cocktail (1 tablet/50 ml; #1 697498, Roche Diagnostics Corporation, 
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Indianapolis, IN). The mixtures are incubated at room temperature followed by 
centrifugation at 6000xg for 20 minutes at 4°C. About 0.1 ml of supernatant is collected 
and used to measure protein concentration and GUS activity. Protein concentration is 
measured using the Bio-Rad Protein Assay (#500-0006, Bio-Rad Laboratories, Hercules, 
CA). GUS activity is measured following a standard procedure with a minor 
modification (Maliga, et al., 1995, Methods in Plant Molecular Biology, A Laboratory 
Course Manual," Cold Spring Harbor Laboratory Press, page 29). 

Figure 3 shows the GUS activity of each seed normalized by its respective protein 
content. Results indicate that the Arcelin-5 promoter is 2 to 4 times stronger than the 
benchmark 7Sa' promoter. 

Example 5 : Expression of GUS in Soybean Cotyledons Using a T-Arc5 Promoter 

Six constructs are tested in soybean cotyledon for expression of the GUS reporter 
gene. The procedures used for Examples 1-4, above, are used for this example. Figure 5 
shows the six constructs having a T-Arc5 promoter (SEQ ID NO: 2), which is different 
from the one given above (SEQ ID NO: 1), and a GUS coding sequence. The 5' UTR of 
the constructs are either GmHSP17.9 (SEQ ID NO: 3), PetHSP70 (SEQ ID NO: 4), 
GmdSSU (SEQ ID NO: 5) or the Arcelin-5 5' UTR. The 3' terminator is either ADR12 
(SEQ ID NO: 6), E9 (SEQ ID NO: 7), or the Arcelin-5 3' terminator (SEQ ID NO: 8). 
The plasmid map for pMON55540 as shown in Figure 6 is one example of a vector that 
can be used to express the constructs shown in Figure 5 in soybean cotyledons. Results 
of GUS activity assays are shown in Figure 7. 

While the compositions and methods of this invention have been described in 
terms of preferred embodiments, it will be apparent to those of skill in the art that 
variations may be applied to the processes described herein without departing from the 
concept, spirit and scope of the invention. All such similar substitutes and modifications 
apparent to those skilled in the art are deemed to be within the spirit, scope and concept 
of the invention. 
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